Yeast strains were isolated from 265 samples of high-sugar foods and related materials, and 93 representative strains were identified. Fiftyfour strains of ascosporogenous yeasts were identified as 12 species belonging to eight genera. Thirty-nine strains of asporogenous yeasts were identified as 26 species belonging to five genera. The major species identified were Zygosaccharomyces rouxii (23 strains), Hansenula anomala (eight strains), Debaryomyces hansenii (five strains), and Saccharomyces cerevisiae (four strains). More than 60 % of the isolates were sugartolerant yeasts, and all strains of Zygosaccharomyces rouxii were osmophilic. Approximately 80 % of the isolates fermented glucose. It is suggested that these yeasts cause pouch swelling and produce alcohol in gas-exchange packaged foods or vacuum-packaged foods.
In order to develop methods for preventing food spoilage by yeasts, yeasts isolated from high-sugar foods were identified. This paper deals with the isolation and identification of yeasts from confectionery, fruits and processed fruits, honey, molasses, and other related materials.
MATERIALS AND METHODS
Samples. Two hundred and sixty-five samples were used for isolation of yeasts. Twenty-three samples were already fermented. Fifteen samples of confectionery including sponge cake and mizuyokan (sweet bean curd containing 45 sugar), six samples of fruits, 11 samples of fruit jams, four samples of dried fruits such as raisins and dried dates, six samples of candied fruits, and concentrated coffee were obtained from local food markets and food processing plants. Different kinds of sugars including raw and refined sugar (ten samples) and syrups (nine samples) were obtained from sugar refinery plants and local markets. Molasses (125 samples) was obtained from Japan, Thailand, and Taiwan. Most of 14 samples of honey were obtained directly from some apiaries in Japan. Flowers including azalea, dandelion and clover (36 samples), orchid nectar (six samples) and cherry tree sap (one sample) were collected at the botanical garden of the University of Tokyo, and 16 samples of soil were obtained from the orchard of the Fruit Tree Research Station, Ministry of Agriculture, Forestry and Fisheries. Three samples of soy sauce and miso (soy paste) were used for the isolation of salttolerant yeasts. Isolation of yeasts. Feasts were isolated by direct streaking on medium containing 2500 or 4000 (w/w) glucose, 0.500 polypeptone, 0.3 % malt extract, 0.3 % yeast extract, and 2.500 agar. Enrichment culture was also employed for the isolation of yeasts by repeating subcultures in liquid medium containing 25 or 40 % (w/w) glucose, 0.500 polypeptone, 0.3 % malt extract, and 0.3 % yeast extract. Isolated yeast strains were purified by conventional streaking technique using the same media as those used for isolation.
Measurement of water activity. The water activity (Aw) of media was measured by electric hygrometry using Hygroskop DT (Rotronic, Switzerland).
Test of sugar-tolerance and salt-tolerance of the isolates. The seven kinds of agar media shown in Table 1 were used for testing sugar-tolerance and salt- Table  1 .
Test media for sugar-tolerance and salt-tolerance.
tolerance. Actively growing cultures on YM agar were inoculated on to agar plates with a multipoint inoculating apparatus (Kyoritsu Seisakuj o, Tokyo, Japan). The plates were tightly closed with rubber bands and incubated at 26°C for 2 weeks, and the diameter of each colony was measured. Selection of yeast strains for identification. Fermentation of glucose, assimilation of maltose, galactose, sucrose, rafnose, lactose, and nitrate, growth in vitaminfree medium, and growth at 30, 37, and 42°C were investigated for all of the strains isolated. The representative yeast strains for identification were selected according to the results of these tests, sugar-tolerance and salt-tolerance, morphology of vegetative cells, appearances of colonies and isolation sources.
Identification of yeasts. Methods of identifying yeasts were those described in "The Yeasts, A Taxonomic Study", 3rd ed. (6) . The conjugation test was performed by the procedure of HAMAMOTO et al. (7) . DNA base composition (mol % guanine plus cytosine) and the quinone systems were determined for 22 strains. DNA was isolated from the culture at the logarithmic phase according to the procedure of SAITO and MIURA (8) with some modifications. DNA was spooled around a glass rod to eliminate mitochondrial DNA (9, 10) . DNA base composition was determined by reversed-phase high-performance liquid chromatography (HPLC) (11) . Quinone was extracted from intact cells and partially purified by thin-layer chromatography by a modification of the method of YAMADA et al. (12) . Quinone system was determined by HPLC (13) .
RESULTS
The number of the samples from which yeasts were isolated and the number of yeast strains isolated are shown in Table 2 . Three hundred and twenty-four strains were isolated from 140 samples, which was more than half of all the samples used. The ratios of samples from which yeasts were isolated were relatively low in confectionery, fruit jams, sugars, and syrups, but high in fruits, candied fruits, and molasses. The appearances of colonies of the isolates from molasses and honey were similar to each other. Figure 1 shows three growth patterns of isolates at various glucose concentrations. Type 1 includes yeasts that grow only on YM agar (Aw 0.986) or 25 (w/w) glucose medium (Aw 0.951). Type 2 includes yeasts that are able to grow on 40% (Aw 0.912) or 50% (w/w) (Aw 0.876) glucose medium as well as YM agar. Type 3 yeasts grow on 25 O o or 40% (w/w) glucose medium better than on YM agar. In this study, Type 2 and Type 3 yeasts were defined respectively as sugar-tolerant and osmophilic. More than 60% of the isolates belong to Type 2, and only a few strains belong to Type 1. Most of the Type 3 yeast strains were isolated from honey, molasses, soy sause, and miso. Ninety-three strains out of 324 were selected for identification on the basis of morphological, biochemical and physiological properties. Fifty-four strains out of 93 were identified as belonging to 12 species in eight genera of ascosporogenous yeasts, and 39 strains were identified as belonging to 26 species in five genera of asporogenous yeasts. Major species identified were Zygosaccharomyces rouxii, Hansenula anomala, Debaryomyces hansenii and Saccharomyces cerevisiae. All strains of Z, rouxii were osmophilic (Type 3). The other species were sugar-tolerant (Type 2). Table 3 shows the representative yeast species identified and the sources of isolation. All the isolates from honey were Z. rouxii, but various species were isolated from fruits. Generally, the Zygosaccharomyces and Schizosaccharomyces strains were isolated from the foods with particularly high sugar content such as honey, candied fruits, and molasses. Z. rouxii has already been reported to be the predominant yeast in honey (14, 15) . Z. rouxii and Zygosaccharomyces bisporus, which were isolated from molasses, have been reported to be predominant species in unrefined sugar (16) .
Identification of yeasts
Characteristics of the identified yeasts are shown in Table 4 . Using these characteristics, the strains were identified as species. Standard descriptions of the yeast species are from "The Yeasts," 3rd ed. VOL. 31 Table 4 .
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Yeasts Isolated from High-sugar Foods The properties of these five strains fit the standard species description. Hanseniaspora guilliermondii Pijper Strain : 25-CA (kiwi fruit)
The properties of this strain almost fit the standard species description. It did not grow on 50 (w/w) glucose-yeast extract agar. Hansenula anomala (Hansen) H. et P. Sydow Strains : 24-CA, 24-40A, and 25-50A (kiwi fruit), 126-25A (pineapple), 148-40A (jam), 150-40A and 150-40B (sponge cake), and 157-25A (concentrated coffee)
The properties of these strains fit the standard species description. Pichia membranaefacietrs Hansen Strain : 114-CA (soil)
The properties of this strain matched the standard species description. It had 41.9 mol % guanine plus cytosine in the DNA, and ubiquinone Q- The properties of these strains fit the standard species description. Strain 89-25A can be identified as S. cerevisiae according to "The Yeasts", 2nd ed. (17) , and the others as S. chevalieri. Schizosaccharomyces octosporus Beijerinck Strains: 37-CB and 37-40B (molasses)
The properties of these strains almost matched the standard species description. Neither strain grew at 37°C. Schizosaccharomyces pombe Lindner Strains: 57-SOB (molasses) and 128-40A (raisin)
The properties of these strains fit the standard species description. Torulaspora delbrueckii (Lindner) Lindner Strains: 89-4OEA (candied apple), 126-SOB (pineapple), and 154-CA (mizuyokan)
The properties of these strains matched the standard species description. Strains 89-4OEA and 126-SOB did not assimilate maltose, while strain 154-CA assimilated and fermented it. Torulaspora globosa (Klocker) van der Walt et Johannsen Strains : 26-40A (papaya), 57-25A (molasses), and 77-40A (soil)
The properties of these strains fit the standard species description. Zygosaccharomyces bisporus Naganishi Strain: 153-40A (molasses)
The properties of this strain matched the standard species description. According to "The Yeasts" (6), the morphological, biochemical and physiological properties of Zygosaccharomyces bailii, Z. bisporus and Z. rouxii are similar to each other. VAN DER WALT (18) pointed out that delimination of these species on the basis of utilization of sugars is uncertain because only a few sugars are utilized by them. Z. bailii has been reported to be very resistant to preservatives such as benzoic acid, sorbic acid, and acetic acid (19, 20) . Growth on media containing 400 mg/l of benzoic acid, 300 mg/l of sorbic acid, or 1 % acetic acid provides a simple and rapid identification test to discriminate these species (6) . Strain 153-40A did not grow in the presence of 400 mg/i of benzoic acid and 300 mg/l of sorbic acid, but it tolerated 1 % acetic acid. ®n the basis of these properties, we identified it as Z, bisporus. The properties of these strains almost fit the standard species description. None of the isolates assimilated D-ribose, and approximately half assimilated Dxylose weakly. They were not resistant to benzoic acid, sorbic acid, or acetic acid. The DNA base composition of strain 38-40A was 38.4 mol % guanine plus cytosine. From these properties, they were identified as Z. rouxii. Candida apicola (Hajsig) Meyer et Yarrow Strains : 22-40A (apple) and 23-40A (banana)
The properties of these strains almost fit the standard species description. However, fermentation of rafinose, assimilation of D-ribose and succinic acid, and growth at 37°C did not fit. The DNA base composition of strains 22-40A and 23-40A was 45.0 and 44.9 mol % guanine plus cytosine, respectively, and strain 22-40A had ubiquinone Q-9. Candida bombi Montrocher Strains: 10-25EA and 19-25A (flower)
The properties of these strains almost matched the standard species description. These strains did not ferment rafinose, they assimilated D-ribose weakly, and they did not grow at 37°C. The DNA base composition of strain 19-25A was 46.4 mol % guanine plus cytosine and it had ubiquinone Q-9. Candida bombicola (Spencer, Gorin et Tulloch) Meyer et Yarrow Strains : 34-25A, 34-40B, and 11-4OEA (flower)
The properties of these strains almost matched the standard species description. They did not grow at 37°C. Strain 34-25A had 47.5 mol % guanine plus cytosine in the DNA, and ubiquinone Q- The properties of this strain almost matched the standard species description. Assimilation of lactose did not fit. It had 45.4 mol % guanine plus cytosine in its DNA, and had ubiquinone Q-9. Candida nodaensis Yarrow et Menna Strain: 24-60A (kiwi fruit)
The properties of this strain fit the standard species description. It had 49.6 mol % guanine plus cytosine in its DNA, and had ubiquinone Q-9. Candida oregonensis Phaff et do Carmo-Sousa Strain: 107-40A (flower)
The properties of this strain almost fit the standard species description. Assimilation of L-sorbose, L-rhamnose, and glycerol did not fit. It had 46.6 mol guanine plus cytosine in its DNA, and had ubiquinone Q-9.
Candida silvatica (van der Walt, van der Klift et Scott) Meyer et Yarrow Strain : 68-CA (marmalade)
The properties of this strain almost fit the standard species description. Assimilation of L-sorbose and DL-lactic acid and growth at 37°C did not fit. It had 52.9 mol % guanine plus cytosine in its DNA, and ubiquinone Q-9. It was neither sugar-tolerant nor osmophilic. Candida tropicalis (Castellani) Berkhout Strain : 118-40A (lemon cake)
The properties of this strain almost matched the standard species description. Fermentation of maltose and rafl'inose did not match and it had 36.9 mol guanine plus cytosine in its DNA, and it had ubiquinone Q-9. Candida versatilis (Etchells et Bell) Meyer et Yarrow Strain : 24-60B (kiwi fruit)
The properties of this strain almost fit the standard species description. Assimilation of D-xylose, D-glucitol, and succinic acid did not fit. It had 43.4 mol % guanine plus cytosine in its DNA, and had ubiquinone Q-9. Candida sp. Strain : 23-40B (banana)
Although the properties of this strain were similar to the standard description of Candida musae, it assimilated cellobiose, D-arabinose and salicin, and grew at 37°C. This strain had 48.5 mol % guanine plus cytosine in its DNA, and had ubiquinone Q-9. It was not identified as belonging to any species reported to date. Candida sp. Strain: 105-40A (flower)
Although the properties of this strain almost matched the standard description of C. bombi, it fermented raf nose very weakly, and had 48.6 mol % guanine plus cytosine in its DNA. This was 2.2 mol % higher than C. bombi 19-25A. This strain was not identified as belonging to any species reported to date. Cryptococcus laurentii (Kufferath) Skinner Strain: 10-25A (flower)
The properties of this strain fit the standard species description. Starch production was positive. This strain was neither sugar-tolerant nor osmophilic. Cryptococcus neoformans (Sanfelice) Vuillemin Strain: 22-CA (apple)
The properties of this strain almost matched the standard species description. Growth in vitamin-free medium and growth at 37°C did not match. This strain had 47.7 mol % guanine plus cytosine in its DNA, and had ubiquinone Q-10. Starch production was positive. It was neither sugar-tolerant nor osmophilic. Although most of the strains belonging to C. neoformans were isolated from clinical sources, non-pathogenic strains such as the type strain of this species and another strain isolated from fruit have also been reported (6, 21) . The properties of these strains matched the standard species description. Strains 65-CA and 115-25A grew at 30°C, while strain 11-25A did not. Formation of ballistospores was observed on corn meal agar.
DISCUSSION
The results of identification indicate that sugar-tolerant yeasts are widely distributed in various genera. Ascosporogenous yeasts predominate. Fermentative yeasts constituted approximately 80% of the isolates. The relatively small number of strains isolated from confectionery and fruit jams may be due to heating during processing. It is interesting that strains of C. bombi, C. bombicola, C. mannitofaciens, C. nodaensis, C. oregonensis, C. silvatica, and K. apis were isolated from high-sugar foods, since a few strains of these species have been isolated to date.
More than half of the isolates did not grow on the media containing 50 to 60 % (w/w) glucose. It is suggested that media containing 25 % to 40 % (w/w) glucose may be more suitable for isolating yeasts from high-sugar foods than media containing 50% or 60 % (w/w) glucose used in tests of sugar-tolerance (6) . Such 25-40 % (w/w) glucose media may also be more suitable for practical tests of sugar-tolerance.
Although concentration of sugar or salt in media is usually expressed as per cent (w/w) (6, 22) or per cent (w/v) (22, 23) , these expressions are likely to be confused. In discussions of sugar-tolerance or salt-tolerance of microorganisms, the Aw of the media would be preferable to percentage of sugar or salt.
The fact that a large number of isolates fermented sugars and produced gas suggests pouch swelling and odor production in gas-exchange packaged foods and vacuum-packaged foods. Further study of the growth of such yeasts in the presence of high concentrations of sugar is required to develop methods for preventing the spoilage of high-sugar foods.
